A theory of low-energy electron diffraction (LEED) amplitudes is developed for a model in which the crystal surface is represented by a step-function termination of the bulk crystal potential ("bare-substrate" model). The crystal is considered to be centro-symmetric and it is assumed that either the crystal has a two-fold axis of rotation normal to the surface or the primay beam is normally incident on the surface. The origin of coordinates is taken to lie at a center of symmetry of the substrate crystal. The diffraction amplitude is considered as a function of complex electron energy. For a real potential it is shown to have the following properties:
Introduction
In a recent paper, GERSTEN and MCRAE (GM 
Theory

Notation
The notations used here are as defined by GM 1 , but some simplifications are possible because of the extra symmetry specified in Section 1.
The positive Z-direction is the direction of the inward surface normal.
E -E' + iE":
electron energy (here and elsewhere in this paper, (') and (") denote real and imaginary parts, respectively). In all of the above notations, dependence on the electron energy E is implied and is indicated explicitly where necessary. 
= (ÜLj| -
+
Behavior Near Branch Points
provided that the origin of coordinates is chosen to be a center of symmetry of the substrate crystal. This is the "natural" choice of origin, and is adopted throughout this paper. A further consequence of the stated symmetry conditions is that the symmetries of the matching and amplitude matrices on the complex-energy plane, as given by
.GM 1 , reduce in the present instance to M(E*) =
M(E)* and T+(E*) = T+(E)*,
where (*) denotes the complex conjugate.
We wish to examine the imaginary part of the physical diffraction amplitude function
T+(E).
To do this we need the following property of the matching matrix:
where 0 and I are respectively null and unit matrices. 
where M is the matrix formed from M by replacing each element by its cofactor and transposing. In order that the Bloch coefficient vector b be finite at the branch point, we have in view of Eq. (4):
The form of M (E) may be found with the aid of an identity given WATTS 4 . The result is If we put Eq. (8) into Eq. (7) and then use the definition of the diffraction amplitude matrix
we get
This is a relation that can be satisfied only by a real matrix. Actually, time-reversal symmetry combined with the extra elements of symmetry specified in this paper implies that T (E) is symmetric, so T(i?B) is orthogonal.
The same argument goes through in the case of a vacuum threshold branch point EB except that in this case the relation analogous to Eq. (4) is
The result is again that T(EB) is real.
We now consider the behavior of the amplitude around the branch points. This is given genera 11 v by
T(E) = T(EB) + x(E-EB
As T(EB) is real as shown above and EB is real, it follows that the expansion coefficient r must be either real or imaginary.
To find out whether x is real or imaginary in any 
We consider energies on any sheet (including the physical sheet) on which the imaginary part of the expression in brackets is positive. Let us now consider the amplitudes for energies E and E* in the vicinity of a branch point as sketched 
Inactive Segments
We propose here that there are some segments of the real-energy axis that are inactive in the sense that the imaginary part of the amplitude is very small along the entire segment. This proposal is based on the result that in each segment the imaginary part of the amplitude vanishes in a particular approximation relating to the matching of plane waves and Bloch waves.
To give a precise statement of our result, some preliminary statements and definitions are needed.
Referring to the complex-energy plane, we wish We can now state our result in terms of the above definitions: in an n<th-order segment, Im T+(E) vanishes in any possible n<th-order matching approximation.
To derive the above result we compare expressions for the wave field at conjugate energies E and E*, respectively just above and just below the cut.
The wave field W in vacuum and the wave field & in the substrate have the expansions
W(E, R) = W(E, R) &(E),
0{E, R) = &{E, R)h{E). (14)
Here, f is a column vector whose elements are plane waves, <t> is a column vector whose elements 
V(E*, R) = ¥ (E, R) [C A (nA)
+ I -A (wA)] a(E*),(15)
0(E*,R) = R)[(CB(tib) + I -B(nB)] k(E*),
where I is here the 2nx2n unit matrix. The coefficient vectors are related to each other through the matching matrix, so we have
[C A (wA) + I -A (wa)] a (E*)
= [C A (nA) + I -A (nA)] M (E*) b (E*)(17)
= M (E) [C B (nB) + I -B (nB)] b (E*).
The matrices A, B and C have special properties that follow from their definitions:
A 2 = A, B 2 = B, C 2 = I, AC = CA, BC = CB.
Using these relations together with Eq. (17) and then recalling Eq. (2), we get
The equalities still apply if nA and nB are both 
Numerical Example
Our results may be summarized and illustrated by a numerical example. Figure 3 shows the result of a normal incidence computation of the 
Representation of Diffraction Amplitudes
We wish to study the possibility of parameteriz- 
The branch-cut integral can be reduced to the
-l so the dispersion relation gives (omitting pole terms)
where Qq is a segment "strength" given by
" Eq
For a uniform-absorption model represented by the potential
U{E',R)=U'{E',R) + iU"{E')
where the segment parameters are determined by the real part U', the amplitude for energy E' is obtained from Eq. (22) by inserting
E = E' + i U"(E').
As (Fig. 4 inset) can only be obtained as a consequence of the interaction between the pole and the branch point, and this feature is present in the computed curve (Fig. 3) . A cknowledgments Thanks are due to J. I. GERSTEN for helpful discussions and to J. A. APPELBAUM for reading the manuscript and making a number of constructive suggestions. 
